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FOREWORD

This is Volume V - Special Emphasis Studies, of the SPS
Concept Definition Study final report as submitted by Rockwell
International through the Satellite Systems Division. All work
was completed in response to the NASA/MSFC Contract NAS8-32475,
Exhibit C, dated March 28, 1978.

The SPS final report will provide the NASA with additional i
information on the selection of a viable SPS concept and will
furnish a basis for subsequent technology advancement and
verification activities. Other volumes of the final report
are listed as follows: : ) - C -

Volume Title
I Executive Summary
II Systems Engineering
III Experimentation/Verification Element
Definition
v Transportation Analyses
VI In-Depth Element Investigations
VII Systems/Subsystems Requirements Data Book

The SPS Program Manager, G. M. Hanley, may be contacted on any
of the technical or management aspects of this report. He mayv be
reached at 213/594-3911, Seal Beach, California.

®

iii
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1.0 INTRODUCTION

At the beginning of the current study, five specific areas which previous-

ly had been analyzed to varying depths of detail were identified as high prior-
ity for more in-depth analysis. These areas were:

* Rectenna Constructability

* Satellite Constructability

* Support Systems Constructability
* Space Envirommental Analysis

* Special End-to-End Analyses

Subsequent to submission of the First Quarterly Review, new program base-

line requirements were issued by NASA.

These requirements specified coplanar

solar blankets and an end mounted antenna, utilizing either GaAlAs solar cells

and employing a CR of 2, or Si cells.
and are reported herein. One configura
is shown in Figure 1.0-1. Utilizing th

Several configurations were analyzed
tion, selected as the preferred concept,
e preferred configuration as a baseline,

a satellite construction base was defined, precursor operations incident to

establishment of orbital support facili

ties identified, and the satellite con-

struction sequence and procedures developed. Since the new baseline specifies

sixty instead of one hundred and twenty

satellites to be constructed in a

thirty year period, mass flow to orbit requirements were revised and new traf-
fic models established. Launch site requirements (exclusive of actual launch
operations) in terms of manpower and building space were defined.
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Figure 1.0-l. Reference Configuration SPS
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Although considerable rectenna design effort has been done, very little
analysis of the implications of actually constructing a rectenna site had been
accomplished. Therefore, the sequence of operations incident to the construc-
tion was developed, procedures established, and manpower and equipment require-
ments defined.

In the special end-to-end area, analyses were initially conducted to
determine satellite control, resources, manufacturing, propellant requirements,
and space envirommental effects. An additional subtask, Laser Environmental
Impact Study, was added in November 1978.

The satellite control analysis evaluated the satellite and ground receiver
operations to determine probable operating sequences and interfaces. Since
most of the subsystems detailed operating procedures and timeline data was yet
to be determined the study was limited to the identification of major operating
sequences and the definition of major operating functions. A major goal of the
study was to identify and define any major issues that were, or could become,
'shows toppers'.

A resource analysis, which was conducted utilizing the Rockwell Point
Design as a basis, is comnsidered generally applicable to the Reference Con-
cept, except for composites, which have been added to the analysis. Manufac-
turing implications relating to high usage items also have been identified.

The fleet of transportation vehicles which will support the satellite con-
struction program includes growth shuttles, electric orbital transfer vehicles
(EOTV), personnel orbital transfer vehicles (POIV), intra-orbit transfer vehi-
cles (IOIV), and heavy lift launch vehicle (HLLV). Propellant requirements
reflecting annual anticipated usage of these vehicles were determined and pro-
duction implications identified.

The laser study was established to, primarily, determine the impact of
the laser beam upon the intervening atmosphere, as well as the inverse effects.
To accomplish this objective within the available funds it was specified that
the selected laser system would be limited to existing gas laser devices.
Included in the study was a requirement to prepare a preliminary definition/
description of the ground receptor and sufficient data to permit a first order
comparison between the laser transitter and its microwave equivalent as des-
cribed for the Rockwell reference concept.

11 ]

The significant space environments (nuclear radiation, micrometeoroids,
hot and cold plasma, etc.) and their effects on spacecraft components (mate-
rials, electronics, men) are summarized. While the size of an OTV reduces
plasma effects (as compared to those for a smaller spacecraft) the opposite
is true for micrometeoroids. Solar cell degradation (sensitive to the dura-
tion of the transfer orbit) and human EVA duration (sensitive to the altitude
at LEO) were also considered. The purpose of these investigations was to more
accurately define the design and operational limits imposed by the environ-
ments on an OTV. The results show that LEO altitudes <300 nmi and transfer
orbit durations <6 months are preferrable.
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2.0 RECTENNA CONSTRUCTABILITY

2.1 RECTENNA SITE CHARACTERISTICS

2.1.1 SITE REQUIREMENTS

A rectenna site requires approximately 35,000 acres. Figure 2.1-1 shows

a layout of a typical site. The inner ellipse containing the rectenna panels,
10x13 km, is about 25,200 acres or 72% of the total acreage. The area sur-
rounding the inner ellipse is utilized for maintenance facilities, access-roads,

converter stations and the two peripheral rows of towers which support the

40 kV dc and 500 kV ac cables. The outer perimeter of the area is fenced for
security reasons. The towers which support the 500 kV ac cables are construct-
ed of steel girders footed in concrete and are approximately 230 ft (70 meters)

high.

The inner towers are each comprised of four tapered steel columns 60 feet

(18.3 meters) tall. Fifty-four of the larger towers and 401 of the smaller
towers are required, the latter figure translating into 1604 tubular members
because of the configuration.

500 KVAC BUS (TYP) / POWER CONVERSION STATION (TYP)

@-PHASE, 60 HERTZ)
\ik\f. " STORAGE & MAINT,
o g S y AREA

NF'\§ <
Ki ~ 1 " USER POWER TRANS .
. =~ | (TYP.) B-PHASE,

‘ .-, {RECTENNA PANELS b
< . 5 -

¢ . Q
4o :.;,P’fv B

R0AD % > . NOT TO SCALE
- (PANEL AREA 10 KM X 13 KM)

Figure 2.1-1. Operational Ground Receiving
Facility (Rectenna] - Typical

2.1.2 PANEL INSTALLATION

Figure 2.1-2 shows a panel in the installed position. The panels are

9.33x14.69 meters and are attached to continuous concrete footings at eight
points as shown. A trade-off which considered eight individual footings
versus continuous footings was made. A maximum wind force of 90 mph was

2-1
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HI DIELECTRIC
CONDUIT

INSULATED CONDUIT
STANDOFF SUPPCRTS

0.31M WIDE FOOTING, 0.15M ASOVE GRADE,
0.43 M BELOW GRADE (2 PLACES)

Figure 2.1-2. Panel Installaticn

assumed. It was determined that the amount of concrete required for either
approach was essentially the same but that the continuous footing concept was
easier to install.

Threaded inserts are placed in the concrete during the pouring process
and provide the means for mounting the panel attach fittings which are capable
of longitudinaland laternal adjustment. Screw jacks are installed at each of
the four rear attach points toc allow for panel adjustment and alignment.

Details of panel construction are shown in Figure 2.1-3. Four standard
size eight inch I beams, to which the attach fittings are secured, are spaced
in the lateral (14.69 meters) directiomn. Galvanized steel hat sections (thin
sheet, 0.020 inches thickness) of the dimensions as shown are mounted in the
longitudinal direction (14.69 meters) and provide the mounting for the sub-
strate coataining the electronic components. The substrate (with components)
is delivered to the on-site assembly plant, in strips of 9.33x0.74 meters.

The panels are supported in the inclined position by tubular steel members
which provide an angle from the horizontal of 40° for this example, (latitude =
34°N). Each panel weighs 2080 kg, of which approximately 85% is steel.

%

2=2
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Figure 2.1-3. Rectenna Array Support Structure

2.2 RECTENNA CONSTRUCTION SEQUENCE

2.2.1 SEQUENCE OF OPERATIONS

The sequence of the nine primary operations attendant to construction of
a rectenna site are shown in Figure 2.2-1. It is assumed that land acquisition
has been completed and that the environmental impact report and other necessary
permits have been approved.

SITE SURVEY ENGINEERING SUPPORT FACILITIES INSTALLATION REFERENCE COORDINATES
- - ——— =
e —— e —_ - .
e ——————— — EURPUSEE ) ;
—==| [T = =
LX) - - ! -

PANEL PAD GRADING PANEL INSTALLATION OPERATIONS

et pa0 GraD:
- e T gt T
LD 82 o= ,@%/,//
- . _ - . b /‘ :

D s . o
e - e
— - - - Y

48 KVOC SUS INSTALLATION CONVERTER STATION INSTALLATION 508 KVAL BUS INSTALLATION

ti

Figure 2.2-1. Rectenna Construction Sequence
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Initially, site survey and engineering activities must take place. When
these are completed, the first step is to imstall utilities (water, power,
etc.), access roads and railroad spurs. Facilities must then be provided for
equipment maintenance and servicing, logistics (material receiving and distri-
bution), concrete production, panel assembly, crew support, and an operations
center which coordinates all site construction activity.

Upon completion of support facilities installation, reference coordinates
for the clearing and grading of the 10%x13 km ellipse must be established. This
operation is followed by site clearing and panel pad grading.

The panel installation operations, the next series of events in the over-
all sequence, entail establishment of string lines (although use of lasers
with multiple reflectors is a viable alternative), footing excavation, concrete
pouring, panel fabrication and installation, and electrical hookup of the
panels. ' o

Two periphery cable rums around the perimeter of the panel ellipse must
be installed. The 40 kV dc row will be located approximately 50 meters out-
side the ellipse; the 500 kV ac lines about 500 meters outside. These two
rows of cabling will be separated by converter stations. Although installation
of this equipment is shown as the last steps in the complete operation, instal-
lation of the towers and stations could be started earlier on a noninterference
basis with panel installation. Table 2.2-1 summarizes the operational activi-
ties required for comstruction of the rectenna.

Table 2.2-1. Rectenna Construction Seguence

SITE SURVEY & ENGINEERING
SUPPORT FACILITIES INSTALLATION
UTILITIES, ROAD & RAIL SPUR
EQUIPMENT MAINTENANCE & SERVICING
MATERIALS DISTRIBUTION CENTER
CONCRETE PLANT
PANEL ASSY FACTORY
CONSTRUCTION CONTROL CENTER
CREW SUPPORT
REFERENCE COORDINATES CLEARING & GRADING
.SITE CLEARING
PANEL PAD GRADING
PANEL INSTALLATION OPERATIONS
4 SET STRING LINES
EXCAVATE FOR FOOTINGS
POUR FOOTINGS & SET & ALIGN ATTACH FITTINGS
FABRICATE & TRANSPORT PANELS
INSTALL & ALIGN PANELS
DISTRIBUTE & INSTALL SWITCHES & FEEDERS
ELECTRICAL CONNECT & C/O PANELS, SWITCHES & FEEDERS
40 KVDC BUS INSTALLATION
DISTRIBUTE AND INSTALL POLES, SWITCHES & BUSES
ELECTRICAL CONNECT & C/O POLES, SWITCHES & BUSES
CONVERTER STATION INSTALLATION
| 500 KVAC BUS INSTALLATION

SSD 79-0010-3
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2.2.2 CONSTRUCTION SCHEDULE

The time allocated for comstruction of a rectenna site, exclusive of land
acquisition and permits, is between 14 and 15 months. Figure 2.2-2 shows a
schedule for the major activities which have been discussed in the preceding
section. The equipment and crew requirements for each task which are develop-
ed in subsequent sections are predicated in this schedule. It is noted that
approximately 270 days each are allocated for the major activities. The
schedule is based on a site location featuring relatively benign character-
istics relative to timber and slope. Selection of a site featuring more
extreme slopes or extensive timber would affect either the timeline or the
manpower and equipment requirements.

MONTHS
1j2(3lafslelslaloTof ] zla]alis]. . __

'

i

oy

SITE PREPARATION

® SITE SURVEY, ALE PLANNING _ !
¢ UTILITIES & FACILITIES e
* REFERENCE GRMD =

* CLEARING & GRUSBING = 3
* GRADING —= e -
* RAIL & ROAD INSTALLATION - —

RECTENNA CONSTRUCTION

CONCRETE FOOTINGS c -
PANEL ASSEMBLY = -]

PANEL INSTALLATION C = .
CONTROL CENTER CONSTRUCTION [ |

ELECTRICAL HOOKUP & CHECKOUT = 2
40 KVAC BUS INSTALLATION ———————

CONVERTER STATIONS [ erm———]

500 KVAC 8US {NSTALL _

Figure 2.2-2. Rectenna Site Construction Schedule

2.3 CONSTRUCTION OPERATIONS

2.3.1 INDUSTRY CONTACTS

A number of industry contacts were made to acquire more insight into
procedures involved in clearing large land areas and in large scale equipment
installation. Th&se contacts, summarized in Table 2.3-1, included organizationms
which produce heavy, earth moving equipment, pour concrete for freeways, super-’
vise comstruction of installations such as the Sandia Thermal Test Facility, or
which are involved in other activities having a bearing on the SPS program.

The data derived from these contacts are reflected in the types of equipment,
equipment capabilities, and supporting manpower described in subsequent
sections.

2.3.2 SUPPORT FACILITIES

Approximately three months have been allocated for installation of the
facilities required to support comstruction of the rectenna panel farm.

2=5
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Table 2.3-1. Industry Contacts

ORGANIZATION _PURPQOSE.
o SME (SOCIETY OF MANUFACTURING) OBTAIN TECHNICAL DATA ON ROBOTICALS
ENG INEERS) AND TECHNOLOGY STATUS :
o RIVERS IDE CEMENT CO. RECTENNA CEMENT/CONCRETE REQUIREMENTS
AND PROCESSES
 MODERN ALLOYS, INC. METHODS & EQUIPMENT FOR CONTINUOUS
PLACEMENT OF RECTENNA PANEL CONCRETE
FOOTINGS
o SANDIA-SOLAR THERMAL COMPARISON OF STTF CONSTRUCTION/HANOL -
ING APPROACH WITH SPS RECTENNA REQ'TS
o TOWNSEND & BOTTUM, CONST. MGRS, SITE PREPARATION AND CONSTRUCTION
10 MW SOLAR PLANT IN BARSTOW, CA OPERATIONS
« AMERICAN BRIDGE - A DIVISION STEEL REQ'TS & CONSTRUCTION APPROACHFOR | * ~~ -~
OF UNITED STATES STEEL INSTALLATION OF RECTENNA PANELS -
«ALPHA -BETA DISTRIBUTION CENTER ANALYS IS OF MATERIALS HANDLING SYSTEMS
«CATAPILLAR EARTH MOVING & GRADING EQUIPMENT
« INTERNATIONAL HARVESTER EARTH MOVING & GRADING EQUIPMENT
«SOUTHERN CALIFORN!A EDISON DC/AC POWER DISTRIBUTION LINES/TOWERS

Initially provisicns must be made for availability of utilities, primarily
water and electrical power. Existing roads and railroads must be supplemented
by access roads and railroad spurs to provide immediate access to selected
portions of the overall site.

Because of the large concrete requirements, it has been determined that
the most practical method for satisfying these requirements is to establish a
concrete mixing facility on the site. This facility would require some 23
acres which would provide space for the concrete factory, a concrete truck
loading area with multiple loading hoppers, and a storage area for the concrete
ingredients. This latter area would be equipped with largely automated convey-
or systems which would transport the material to the mixing facility. This
procedure and supporting equipment is inherent in modern large concrete pro-
ducing facilities.

Since the rectenna panels are too large for delivery in the assembled
configuration, a panel assembly facility also must be provided. Details of
a facility concepa are contained in a subsequent section.

In addition to these specific facilities, provisions must be made for
maintaining the extensive rolling stock inventory and for receiving and storing
the large amounts of material which will be required. Figure 2.3-1 shows a
typical site layout with those facilities which must be installed to support
the construction of the rectenna panel farm and peripheral electrical feeder
installation.

2.3.3 CLEARING AND LEVELING OPERATION

Figure 2.3-2 is a representation of activities incident to site prepara-
tion, and include bulldozing, grading, and dirt removal. The equipment

2-6
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removing excess dirt.
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PANEL FACTORY LIVING & CREW AREA
EQUIPMENT MAINTENANCE 8LDG
MATERIAL
STORAGE/DISTRIBUTION YARD

MAINTENANCE ROAD
TO BASE NO, 1

CONSTRUCTION SUPPORT

(| ROAD~__{ - DIRECTION OF SITE. - L
N DEVELOPMENT & . Sl
3 PANELINS‘I‘ALLATION N

NO, 2
EQUIPMENT

2 MATERIAL STORAGE/DISTRIBUTION YARD - ~* - —
POWER TO e

MAINTENANCE ROAD TO BASE NO, 2

Figure 2.3-1. Support Facilities

Figure 2.3-2. C(Clearing and Leveling Operations

2=7
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’ . N\, COORDINATE 8 GRADE
7 e : . X REFERENCE MATRIX
CONCRETE PLANT o - - ) '

LIVING & CREW AREA

CONSTRUCTION
> SUPPORT BASE

MAINTENANCE 8LDG

pictured is based on current inventories of large, earth moving equipment
available on today's market.

The clearing and leveling operations will occur at a number of locations

These operations consist of tree removal (if
required), grading and leveling the terrain to acceptable slope angles, and

Sixteen areas of the ellipse would be cleared and level-
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Table 2.3-2 summarizes the equipment and crew size required to complete
the clearing and leveling operations in 9 months. Based on information
obtained from industry sources, a 13 man crew equipped as indicated in the
table can clear 8 acres per day. This factor was used to project the total
requirements. It is noted that this operation has been restricted to one daily
shift, or essentially daylight hours.

Table 2.3-2. Clearing and Leveling

1 SHIFT OPERATION
1:30 MAX AVG. GRADE
NON-FORRESTED LAND
9-MONTH SCHEDULE
35000 ACRES/SITE
130 ACRES/DAY
CREW REQUIREMENTS 8 ACRES/DAY/I3 MAN CREW o
CREW COMPOSITION: 4 ROAD GRADERS B
3 BULL DOZERS
3 DUMP TRUCKS
2 CRANES
_1 BACK HOE
13 OPERATORS
16 CREWS REQ'D 208 OPERATORS
SUPPORT PERSONNEL 72 15% MAINT., 10% SERVICING, 10% SUPR.
TOTAL ON SITE CREW 280
3 CREWS/ROW, 5 + ROWS/DAY
MAJ. EQUIP'T REQUIREMENTS (FOR 16 CREWS + 5% STANDBY)
67 ROAD GRADERS
50 BULL DOZERS
50 DUMP TRUCKS
34 CRANES
17 BACK HOES

2.3.4 FOOTING EXCAVATIONS

Conventional trenchers are utilized to excavate the 0.31x0.43 meter
trenches which will be filled with concrete to form the panel footings.
Figure 2.3-3 shows a typical operation with two sets of trenchers in opera-
tion. Each set of trenchers excavates the front and rear trench simultaneous-
ly and feeds the removed dirt into trucks which are stationed between the
trenchers and which move at the same pace. When the truck is filled, it pro-
ceeds to the dumping area and ancther truck moves into position.

Approximatelyg 17x10° meters of trench must be excavated in 278 days. An
excavation rate of 90 meters per hour per trencher has been established as a
figure representative of the capabilities of current equipment. At this
excavation rate, 38 trenchers and the dump trucks will be required. A round
trip time of 1 hour was assumed for the dump trucks. These requirements are
predicted on a 20 hour day, 7 days a week.

Personnel requirements for this operation include trencher and truck
operations, maintenance crews, and supervision, totaling 324 men for 4 shifts

(3 shifts per day, 7 days per week, 2 days off per shift week). Table 2.3-3
summarizes both equipment and crew requirements.

2-8
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Figure 2.3-3. Footing Excavation

Table 2.3-3. Footing Installation
(Trenching)

3-SHIFT OPERATION, 20 HRS/DAY
ROWS LEVEL AND GUIDELINES ESTABLISHED
9 MONTH SCHEDULE
17 x 106 M OF TRENCHES (8 5x 10M OF DOUBLE FOOTINGS)
3140 MIHR OF TRENCH
.31 M x .31 M TRENCH SECTION {=0.1M3 /M LENGTH
302 M3/DAY EXCAVATION
18 EQUIPMENT UNITS OF 2 TRENCHERS (1 FRONT FOOTING, 1 REAR FOOTING) + 1 DUMP TRUCK
EQUIPMENT REQUIREMENTS INCL, 5% STANDBY
38 TRENCHERS (= 90 LIN. M/HR/R 5 M3/HR EA. MACHINE)
26 DUMP TRUCKS (52 M3 CAPACITY, 1HRR.T. DUMP TIME)

CREW REQUIREMENTS
38 TRENCHER OPERATORS
26 TRUCK OPERATORS
64 OPERATORS
7 SUPERVISION 10%
_10 SERVICING/MAINTENANCE 15%
81 TOTAU/SHIFT
324 TOTAU4 SHIFTS

%

2.3.5 CONCRETE INSTALLATION

Concrete formers such as are used in freeway or road curb installation
are utilized to pour the concrete in the trenches. Figure 2.3-4 shows a
former in operation. The formers, fed by concrete trucks, extrude a shaped
ribbon at rates of up to 6 meters per minute, including the 0.15 meter exten-
sion above ground level. No forms are required. The concrete is poured into
a hopper as shown, where it is transported upward by an auger to a second
hopper which feeds the mules. Within the mules the concrete is hydraulically
vibrated to remove air pockets and consolidate the concrete into a homogeneous

2-9
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Figure 2.3-4. Concrete Installation

solid mass before extrusion. Reinforcing steel bars are fed into the mule and
inserted into the concrete during the extrusion process. Additionally, the
attach points (e.g., threaded inserts) for the panel attach fittings are
inserted into the concrete prior to extrusion. Guideline sensors are provided
as shown so that the rig can accurately follow a line or wire, although laser
control is a viable alternative.

Ten of these machines, including one spare, are required to install con=-
crete in the 17x10° meters of trenches. Two days have been allocated for
concrete curing after installation. Table 2.3-4 summarizes equipment and man-~
power requirements for completing the concrete installation in 270 days on a
3 shift 20 hour a day, 7 days a week basis.

After the concrete has cured, 8 attach fittings per panel, or a total of
4.6x108% fittings must be secured to the attach inserts imbeded in the concrete.
The equipment and crew required to deliver and install these attach fittings
are shown in the lower portion of Table 2.3-4.

2.3.6 PANEL FABRIZCATION AND INSTALLATION

Because of the panel dimensions, shipping completed panels from an off-site
manufacturing facility to the rectenna site is not practical. The alternatives
are to ship the prefabricated materials to the rectenna site and assemble the
panels at either a centralized factory or on a mobile fabricator. The former
concept has the advantages of centralized material receiving and a protected
environment, but requires delivery of completed panels to the point of instal~
lation. The mobile concept requires delivery of materials to many locations,
which complicates logistics, and provides no environmental protection during
the assembly process. However, double handling of the finished panels is not
required. The centralized facility was selected for this study. A concept for

2-10
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Table 2.3-4. Footing Installation
(Concrete & Attach Fittings)

CONCRETE POURING

® REQUIREMENT
: © 17 x 105 M OF FOOTING
® 4 x 109 CU. YDS TOTAL
© 6.8 CU. YDS/PANEL, 14,620 CU. YDS/DAY
o 139 x 105 KG REINFORCING STEEL, 0.5 x 108 KG/DAY
® EQUIPMENT
o 190 CONCRETE DELIVERY TRUCKS @ 10 CU. YDS/TRUCK
o 10 CONCRETE FORMING MACHINES, 6 M/MIN
@ CREW SIZE
o 289 PER SHIFT x 4 SHIFTS + SUPPORT. « 1,156 TOTAL

PANEL ATTACH FITTING INSTALLATION AND ALIGNMENT L
® REQUIREMENT D e
o 4.6 x 106 ATTACH FITTINGS, 17,200 PER DAY
® EQUIPMENT
o 40 TRACTOR-TRAILERS
@ CREW REQUIREMENT
e 80 PER SHIFT INCL. SUPPORT x 4 SHIFTS - 320 TOTAL

such a facility is shown in Figure 2.3-5. The factory has multiple assembly
lines, each line consisting of a materials feed station, panel assembly,
electrical hookup of the 14.69x0.7% meter substrates containing the electronics
and finally, checkout. It was assumed that one line using automated procedures
could assemble and checkout a panel in 40 minutes. On this basis, seventy-two
assembly lines operating 20 hours per day, seven days a week are required to
produce 580,500 panels in the allocated 270 days. Eight additional assembly
lines have been specified as spares.
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MATLS OISTRISUTION _;;_ ULJ&...J..JI.:LLJ_LJL.aut_qu_l_JuDT v
o 3 (25— EEE]
]

4 SHIFT CREWS un

Figure 2.3-5. C(Central Panel Factory
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After the panels have been checked, they are placed on an overhead convey-
ing system and transported to loading stalls, where they are assembled into
9-panel magazines and loaded on specially designed trucks for delivery to the
point of installation. Production rates and crew requirements are summarized
in the lower left of the figure.

Specialized equipment is required to deliver the panels from the factory
to the installation point and to install them because of their large dimensions.
Use of cranes for lifting the panels from a delivery vehicle and lowering them
to the attach position was considered but discarded because of potential
difficulties involving wind loads on a suspended object with a large surface
area. After consultation with industry sources (see Section 2.3.1), a concept
for a specialized machine was developed (Figure 2.3-6). The machine can carry
up to nine panels. The front and rear wheel pairs are each steerable as a unit
and have provisions for height adjustment. Although dual wheels are shown at.
each corner, the bearing load could result in substitution of caterpillar track
units. Power packages for vehicle movement and hydraulic power are located on
either side of the central stations located at both ends of the vehicle. The
panels (not shown) can be translated laterally and longitudinally for final
positicning before attachment to the footings. '

OPERATORS CAB

g’F’igure 2.3-6. Panel Installation Machine

Figure 2.3-7 shows a concept for a panel magazine delivery truck which
loads magazines of up to 9 panels each at the panel factory (Figure 2.3-3)
and transports them to the panel installation site. There they are transferred
to the panel installation machine. The delivery truck can be driven directly
beneath the installation machine in order to transfer the panels. The panels
are secured in the magazines by means of fixtures mounted in a vertical assembly
which attach to the panel I beams as shown in Figure 2.3-8. When the truck is
positioned beneath the installer machine, the vertical fixture assembly holding
the panels is secured to the hoist as shown in the middle illustration of the
figure and elevated sufficiently to permit departure by the truck. At the
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Figure 2.3-7. Magazine Delivery Truck
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Figure 2.3=8. Panel Magazine Transfer

right of the figure are shown movable L-shaped arms which attach to the bottom
panel retention fixture and lower it to the proper position and angle for attach-
ment to the footings. The retention fixtures of the vertical fixture assembly
are uncoupled when the panel has been secured to the movable L-shaped arms.

Figure 2.3-9 dhows the sequence of events described above. Commencing at
the upper left, the delivery truck approaches the installer machine and then
is positioned for magazine transfer. The installer machine is then elevated
(lower left), the magazine transferred and hoisted clear, and the truck departs.
In the lower right of the figure, the bottom panel has been lowered into posi-
tion for attachment. Figure 2.3-10 shows panel installation operations. The
installer machine is straddling the two rows of footings. A panel has just
been installed and the machine advanced into position for installing the next

panel.

2-13

SSD 79-Q010-5



Satellite Systems Division ‘ Rockwell
, Space Systems Group International

s E/\' -
N N a4
rf‘:&f;(;‘ N AN

L EEEERGIN U T
: = L

ey

u,"\\. -

;E.Qj’ g Ty i
B ek

Figure 2.3-9. Panel Loadiné Sequence

Figure 2.3-10. Panel Installation Cperations

The equipment and persomnel requirements to assemble and install the
panels in a 9 month period are summarized in Table 2.3-5. The panel assembly
requirements were discussed previously. An installation rate of 20 minutes
per panel has been established. On this basis, 36 panel installation machines
with 4 spares are required. Twelve panel delivery trucks (plus 2 spares) with a
a round trip time of one hour maintain the panel flow to the installers, utiliz-
ing a total of 66 magazines. Approximately 900 men (4 shifts) ares required to
operate the vehicles, attach the panels, and conduct checkout operations. This,
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Table 2.3-5. Panel Assembly and Installation

EQUIPMENT

ONE PANEL ASSY, FACTORY
72 ASSY LINES, 40 MIN/PANEL ASSY TIME, 108 PANELS/HR
8 ASSY LINES FOR SERVICING/MAINTENANCE DOWNTIME

36 PANEL INSTALLATION MACHINES, ON LINE (20 MIN/PANEL, 6Q PANELS/20-HR DAY EA.)
4 PANEL INSTALLATION MACHINES FOR SERVICING/MAINTENANCE DOWNTIME
30 PANEL INSTALLATION MACHINES, TOTAL

12 MAGAZINE DELIVERY TRUCKS ON LINE (9 PANELS/DELIVERY, 108 PANELS/HR,
1-HR R.T. DELIVERY TIME)

2 MAGAZINE DELIVERY TRUCKS FOR SERVICING/MAINTENANCE DOWNTIME
14 MAGAZINE DELIVERY TRUCKS, TOTAL

66 9-PANEL MAGAZINES (36 ON INSTALLERS. 12 ON TRUCKS, 12 ON LOADING DOCK ¢
FACTORY, 6 SPARES)

CREW SIZE
(1872) PANEL ASSY FACTORY CREW
216 ASSY
144 ELECT. & C/O
12 LOAD R —
I72Z PANEL ASSY & C/0 . : -

18 MATERIALS DISTRIB. L m
36 SERV./MAINT.

42 SUPERVISION
EA. SHIFT
1872 FOUR SHIFTS

(80) MAGAZINE DELIVERY TRUCK CREW

12 DRIVERS
2 SERV./MAINT.
_L SUPERVISION

15 EA. SHIFT
60 FOUR SHIFTS

(840) PANEL INSTALLATION CREW

720 - RIGGERS & MACHINE OPERATORS
(4 RIGGERS, 1 MACHINE OPERATOR EA. CREW, 36 CREWS, 180 CREW MEMBERS/SHIFT,
4-SHIFT CREWS)

20 SERVICING/MAINTENANCE OF MACHINES
100 SUPERVISION

when added to the assembly factory crew of 1872, results in a total of 2772 men
required to assemble, install and check the panels.

2.3.7 ELECTRICAL HOOKUP

A typical power transmission schematic for a porticn cf the panel farm is
shown in Figure 2.3-11l. Each row of panels is connected through switchgears
to the inner periphery 40 kV dc buses. These buses, in turn, are connected to
the outer periphery 500 kV ac buses through a series of twelve converter
stations. There are 580,500 individual panels arranged in 1088 rows.

A total of 32% 000 switchgears, 10x10° meters of feeder cables, plus
conduit, mlscellaneous junction boxes and other electrical components must
be installed in the panel farm following completion of panel installation.
As shown in Figure 2.3-12, the electrical components and conduits are off-
loaded at the rear of each panel by flatbed trucks equipped with hoists. The
feeder cable is reeled out by other, specially equipped trucks. The delivery
operation is followed by electrical installation crews in conventional elec-
trical installation trucks (not shown) who secure the switchgears, junction
boxes and conduits, and complete the electrical hookup. As summarized in
Table 2.3-6, 229 vehicles, including spares, are required.
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AS REQUIRED TO

MASS 1N QUADRANT (FEEDERS ONLY) 50,000 KG (200,000 KG FOR ENTIRE FARM) ,0pe OACH 16 MW

Figure 2.3-11. Rectenna Schematic Block Diagram

- Preliminary

CONDUITS
Figure 2.3-12.

Table 2.3-6. Electrical Hookup

P TO USER
/
'W-dc,m_ / /
96 DOUBLE BOXES &5
EA SECTOR
1M, CuBEs :
40,000 VDC BUSSES ISOLATION AXAXAM
. SWITCHES
STRING 3 EA/SECTOR |CONVERTER| 00
MOTOR M STATION | 500 kVAC
SWITCHES 19OTOR Swyr ey
\ > S MW 4000g 1S AXaxam (TYPICAL
B Gl —— voe OF 12
POl SITES)
L [T L
ot
. e
o ﬁx
[ ey
=S 1 ™~
1 1|3|,.u Q \
toiZB %
e I
R L 1088 ROWS
e 1 O N N O
ol i FEEDER POWER (INPUT TO o
] 40,000 VDC BUSSES) T
vod il RANGE 12.1 - 16 MW AT
e [
14.8 MW (300 - 4004) AS MANY FEEDERS

Electrical Installation and Hookup

REQUIREMENT - 329,000 SWITCH GEARS, 107 M FEEDER CABLES, MISC. JUNCTION BOXES, ETC.

EQUIPMENT

4 SWITCH & WIRE DELIVERY TRACTOR-TRAILERS W/CRANES

215 ELECTRICAL INSTALLATION CREW TRUCKS
_10 FOR SERV./MAINT. DOWNTIME
229 TOTAL %

CREW REQUIREMENTS

{76) SWITCH TRUCKS (1 DRIVER, 2 SW. UNLOADERS, 1 CABLE DISPENSER MONITOR

I6EA SHIFT)
64 4 SHIFTS
6 SUPERVISION
6 LOGISTICS SUPPORT

{4120) PANEL ELECT. INSTALLATION

3440 ELECT. INSTALLERS (4 MEN/CREW, 2 HR CREWTIME/PANEL = 860 EA SHIFT,

4 SHIFTS
340 SUPERVISION

120 TRUCK & EQUIPMENT SERVICING/MAINT
120 LOGISTICS SUPPORT

SHIFT SIZE: EQUIP. 16 TOTAL - 76
INST. 860 4120
%6 419
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The crew requirements (4 shifts) are the highest of any individual rectenna
construction operation. Utility companies have estimated that approximately
8 manhours will be required to complete the electrical installation on one
panel. An individual crew size of 4 men requiring 2 hours per panel has been
established and 215 crews per shift will be required to complete the operation
on schedule. This, when combined with drivers, logistics support, maintenance
crews, and supervision, results in a four shift total of 4,196 men.

This is the last operation required for completion of the panel farm.
2.3.8 HIGH TENSION CABLE SUPPORTS

The periphery of the panel farm is ringed by 40 kV dc and 500 kV ac buses
mounted on towers. The 40 kV dc bus is located approximately 50 meters outside
the ellipse containing the panels; the 500 kV ac bus about 450 meters. further
out.

Based on Southern California Edison data, the 40 kV dc buses would be sus-
pended on a series of hollow tapered steel poles. Four poles, connected by a
crossbeam upon which the insulators are mounted, constitute one suspension
unit. Each pole measures 0.46 meters diameter at the tip, 1.1 meters diameter
at the base, and has a wall thickness of 0.013 meters. The poles are inserted
into a 1.22 meter circular hole to a depth of 3 meters and surrounded by con-
crete. The spacing between pole units is about 91 meters; this requires 401
installations or a total of 1604 poles.

The 500 kV ac towers are similar to existing high tension towers, measur-
ing 12.9 meters at the base with a height of about 70 meters above ground. The
towers are spaced every 457 meters; since they do not completely rim the peri-
meter, only 54 towers are required, including 18 "deadend" towers.

The deadend towers are mounted on four concrete pilings 1.83 meters in
diameter and extending 10.7 meters into the ground. The remainder of the
towers require less footing and are secured tc four concrete pilings measuring
1.1 meters in diameter and 6.1 meters deep.

Both the 40 kV dec and the 500 kV ac towers will be fabricated off-site, the
latter in sections. Installation of the towers can commence as soon as the land
is sufficiently cleared but on a noninterference basis with panel installationm.
Several 5-6 man crews can complete the installation within the overall schedule,
working daylight hdrs only, seven days a week.

Table 2.3-7 summarizes the steel and concrete required for the towers.
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Table 2.3-7. Tower Material Requirements

STEEL MASS (kg)
4o kv dc TOWERS 8.2 xl10®
500 kV ac TOWERS 3.68x10°%
11.88x10°%

CONCRETE
40 kV dc TOWERS 4.59xi0®
500 kV ac TOWERS 6.66x10%
11.25%10°%

2.4 SUMIARY

Total manpower requirement estimates for comstructing a rectenma site are
tabulated in Table 2.4-1. As indicated, except for the site preparation, the
totals reflect 4 shifts. The single largest crew size is for electrical in-
installation and hookup, followed by panel assembly and concrete pouring.
Manpower for installation of the perimeter high-tension poles, estimated at
twenty or less, is not included in the table.

Table 2.4-1. Ccnstruction Crew Regquirements
(4 Shifts)

SHIFT
SIZE_ TOTAL_

SITE PREPARATION (SINGLE SHIFD) 280 280
PANEL ASSEMBLY FACILITY 468 1872
CONCRETE PRODUCTION 55 220
FOOTING EXCAVATION 81 324
CONCRETE POURING 289 115 ) 4 SHIFT TOTAL
PANEL ATTACH FITTINGS 80 320
PANEL INSTALLATION 25 90
ELEC. INS. & HOOKUP 1050 _4200

TOTAL 2528 9212
NOTE: 3 8-HR SHIFTS/DAY, 7 DAYS PER WEEK, 2 DAYS OFF PER SHIFT/WEEK,

4 SHIFTS IOTAL

A summary of material and equipment is shown in Table 2.4-2. The steel
and concrete for high tension towers, not included, is contained in Table 2.3-7.
It is noted that the panel mass is composed of approximately 85X steel, the
remainder being substrate and electronics. The manpower and equipment estimates
reflect a relatively level site with a minimum of timber removal.
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Table 2.4-2. Construction Summary

© SCHEDULE: 15 MONTHS
RECTENNA MASS - PANELS o x 10 g
CONCRETE 776
FEEDERS 1
REINFORCE STEEL 51
835 X 106 kg
® CREW
SHIFT SIZE 2474
TOTAL CREW FOR 24 HR/TDAY OPERATION 9212
® EQUIPMENT
" SCRAPERS/GRADERS 6
DUMP TRUCKS 50
BULLDOZERS 50
CRANES 34 o
BACK HOES ¥ o
TRACTOR/TRAILER TRUCKS a8
CONCRETE TRUCKS 190
CONCRETE POURING RIGS 10
PANEL INSTALLERS 4
P ANEL MAGAZINE TRUCKS 14
ELECTRICAL INSTALLATION TRUCKS ) 29 )
MISC. JEEPS, PICKUPS, ETC. i - ' )

2.4.1 KEY ISSUES

Five key issues which can affect rectenna constructabability have been
identified.

‘s Site Selection - The characteristics of a proposed rectenna site can
have significant impact on schedule, manpower and equipment require-
ments. Important factors in site selection include overall topography,
drainage, type of soil, prevailing weather, and location relative to
industry and transportation.

* Environmental Impact - Considerable advance planning will be required
to assure that the environmental impact report and other necessary
permits are prepared and submitted well ahead of planned construction
go-ahead. In some instances, up to five years have been required for
approval of these documents.

* Site Operational Control - A site operational control plan is vital to
effective cdmstruction operations of this magnitude. The plan nust
provide for communications, disposition of incoming material, traffic
control of the many vehicles involved, and a detailed operational
sequence of events.

* Lightning Protection - Studies conducted at Rice University under con-
tract to the George C. Marshall Space Flight Center indicate a high
probability of multiple lightning strikes in an area the size of the
panel farm. Lightning could result in both localized physical damage
to panels and propagating damage to circuitry. The effects on rectenna
reception of erecting a protecting rod on each panel have not been
determined. The amount of copper required for grounding would be
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significant for this type of approach. This overall area requires
additional study relevant to effects and feasible preventive measures.

Resource Availability - As indicated in Table 2.4-2, material, man-
power and equipment requirements for construction of cne rectenna site
are considerable. Additional facilities, particularly for steel, may

be required. The equipment requirements reflect, for the most part,
vehicles which are produced currently; however, ample lead time for
acquiring them in these numbers would be necessary. Sixty sites would
be constructed in a 30 year period. While the equipment could be
transferred to the next site and reused, the current postulated schedule
would require that several sites be under construction at any one time.

Availability of manpower reflecting the required skills and in the required
quantity constitutes a potential pr